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JKT-7400 virus, an orbivirus originally isolated from Culex mosquitos, was plaque purified and adapted to Aedes albopictus
mosquito cells. Conditions which enhance viral cytopathic effect and optimize plaque formation are described. In contrast
to bluetongue virus, the prototype orbivirus, no replication of JKT-7400 virus in vertebrate cells was observed. The core
particle of JKT-7400 virus contains 10 segments of dsRNA and three minor proteins, VP1, VP4, and VP6. The inner shell
contains two major proteins, VP2 and VP7, and the outer shell consists of the other two major proteins, VP3 and VP5. Evidence
is presented suggesting that the viral protein associated with the capping of virus mRNA, i.e., the guanylyltransferase, is
VP6, one of the core proteins. q 1997 Academic Press
INTRODUCTION This difference, however, may reflect the influence of the
host cell rather than a difference between the viruses.
JKT-7400 virus was initially isolated from a pool of Cu- BTV contains seven structural proteins, VP1 through
lex mosquitos in Indonesia (Vazeille et al., 1988). It was VP7, in order of decreasing size. The virion is made up
reported to grow and cause cytopathic effect in Aedes of an outer capsid shell consisting of two major polypep-
albopictus mosquito cells (clone C6/36) and to produce tides, VP2 and VP5, and a subviral particle consisting of
lethal sensitivity to carbon dioxide in Culex and A. two major polypeptides, VP3 and VP7, which enclose
albopictus mosquitos. When injected intravenously in three minor proteins, VP1, VP4, and VP6, and the genome
high doses, JKT-7400 virus was also lethal to rabbits, RNA (Van Dijk and Huismans, 1980). More recently, the
although there was no evidence of replication. different BTV proteins have been expressed from bacu-
Other JKT viruses (Brown et al., 1993), which have a lovirus expression vectors, and various types of subviral
genome consisting of 12 segments of double-stranded and core particles have been assembled intracellularly.
RNA (dsRNA), have been given different numerical desig- Analysis of these particles are consistent with the organi-
nations, e.g., JKT-6423, and are now considered mem- zation of the virion as described above, but indicate in
bers of the family Reoviridae, genus coltivirus (prototype, addition that in the subviral particle, VP7 is layered over
Colorado tick fever virus). JKT-7400 virus, on the other VP3 (Roy, 1992; Hewat et al., 1992; Loudon and Roy,
hand, has a genome which consists of 10 segments of 1991).
dsRNA and thus has been considered a member of the
The three minor proteins of BTV, VP1, VP4, and VP6,
orbivirus genus (prototype, bluetongue virus) of the Reo-
are considered to be responsible for the viral enzyme
viridae family (Vazeille et al., 1988).
activities which carry out the synthesis and modificationAlthough bluetongue virus (BTV) is able to grow in both
of the viral RNAs. VP1 is thought to be the basic viralinsect and vertebrate cells (McPhee et al., 1982), we
RNA-dependent RNA polymerase (Roy et al., 1988). VP6observed no replication of JKT-7400 virus in either BHK
has a RNA-binding ability and may possess a RNA heli-cells or chick embryo fibroblasts. BTV and JKT-7400 vi-
case activity (Roy et al., 1990). Recombinant baculovirus-ruses may also differ with respect to the fate of the prog-
expressed VP4 has been shown to have GTP-bindingeny virus. When BHK cells were infected with BTV, ap-
activity and is considered to be the guanylyltransferaseproximately 90% of the progeny virus remained cell-asso-
of BTV, i.e., the capping enzyme (Le Blois et al., 1992).ciated (Mertens et al., 1987), whereas when A. albopictus
Nearly all studies of orbiviruses have been carried outcells were infected with JKT-7400 virus, more than 99%
using vertebrate cells. In order to extend what is knownof the progeny virus was released from infected cells
of these viruses, we have examined the properties ofinto the medium (Liao and Stollar, unpublished results).
JKT-7400 virus, a virus which grows in cultured mosquito
cells but does not appear to grow in vertebrate cells. By
comparing JKT-7400 virus and BTV we may learn why1 To whom reprint requests should be addressed.
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BTV is able to grow in both vertebrate and invertebrate 47 for 5 hr at 25K rpm in an SW27 rotor. The pelleted
virus was resuspended in solution G (50 mM Tris–HCl,cells, while the replication of JKT-7400 virus appears to
be restricted to invertebrate cells. pH 8.0, 2 mM MgCl2 , 1 mM DTT, 0.1 mM EDTA, 0.1 M
NaCl, and 20% glycerol), layered on a 10-ml gradient ofIn this study, we have optimized the conditions for
growth and assay of JKT-7400 virus on cultures of A. 10–50% sucrose (w/v) in solution G, and centrifuged for
2 hr at 31K rpm in an SW41 rotor at 47. Fractions (0.5 mlalbopictus cells and have generated a clonally derived
population of the virus. We have also localized the vari- each) were collected from the top of the tube. The virus-
containing fractions were diluted eightfold with TNE andous structural proteins in the virus and, on the basis of
its GTP-binding activity, suggest that VP6, one of the centrifuged for 4 hr at 24K rpm in an SW27 rotor at 47.
The pellet was resuspended in solution H (50 mM Tris–minor core proteins, is the guanylyltransferase of JKT-
7400 virus. HCl, pH 8.0, 10% glycerol).
Isolation and analysis of viral genomic RNA
MATERIALS AND METHODS The genome RNAs were obtained as described by
Gorman et al. (1977). Briefly, medium from virus-infectedCells and viruses
cell cultures was centrifuged at 47 for 1 hr at 4000 g.
The A. albopictus mosquito cells, clone C7-10, and the PEG 8000 was added to the supernatant to a final con-
medium (E medium) in which they are grown have been centration of 10% (w/v). This mixture was stirred for 18
described previously (Durbin and Stollar, 1984). hr at 47 and then centrifuged at 9000 g for 1 hr at 47. The
An uncloned stock of JKT-7400 virus was obtained from pelleted virus was resuspended in a solution containing
Dr. Leon Rosen and used to infect A. albopictus cells. 0.01 M Tris–HCl, pH 8.0, 0.01 M NaCl, 0.001 M sodium
Subsequent working stocks were obtained by centrifug- citrate, 1.5% SDS, and 3% diethylpyrocarbonate and incu-
ing the medium from infected cultures at low speed and bated at 377 for 5 min. One-half volume of a saturated
collecting the supernatant. JKT-7400VS was a virus clone solution of NaCl was then added. The RNA was precipi-
obtained after three successive plaque purifications of tated from the supernatant by the addition of three vol-
the original JKT-7400 on A. albopictus cell monolayers. umes of 95% ethanol, pelleted by centrifugation, and re-
To obtain JKT-7400HJL , A. albopictus cells were infected suspended in 21 SSC. Single-stranded RNA was precipi-
with JKT-7400VS and maintained at 287; 48 hr later the tated by the addition of LiCl to a final concentration of 2
culture medium was harvested, diluted 1004, and used M and removed by centrifugation. The genomic dsRNA
to infect another culture of mosquito cells. Virus was which remained in the supernatant was then precipitated
serially passaged in this manner 23 times. Following with ethanol and dissolved in water.
plaque purification, stocks of JKT-7400HJL were obtained The genomic dsRNA samples were analyzed by elec-
following a low-multiplicity infection. trophoresis using 1.2% agarose gels or 10% SDS–PAGE
To infect A. albopictus cells, monolayers were inoculated with 3% stacking gels (Sambrook et al., 1989) and stained
with JKT-7400 virus and maintained at 287 for 1 hr. The with ethidium bromide.
cultures were then washed three times with PBS containing
Analysis of viral proteins0.1% BSA, fed with medium, and incubated at 287.
Fractionation of the proteins in purified virus was byYields of infectious virus were quantitated by plaque
SDS–PAGE (7–14% gradient gels) under reducing condi-formation on A. albopictus cell monolayers. After adsorp-
tions (Sambrook et al., 1989).tion of appropriately diluted virus to the monolayers and
removal of the unattached virus, the cultures were over- GTP-binding assay
laid with E medium containing 1.2% sea plaque agarose
Viral, subviral, and core particles were tested for GTP-and supplemented as described under Results. Follow-
binding activity by incubating them with 10 mCi of [a-ing incubation at 287 for 4 days, neutral red (0.015% in E 32P]GTP (3000 Ci/mmol, NEN Dupont) in 50 mM Tris–medium) was added to the cultures and the plaques were
HCl, pH 8.0, containing 2 mM MgCl2 and 0.5 mM MnCl2counted 4 hr later.
(final volume 30 ml) for 30 min at 377. The rationale of
this assay is discussed under Results. After the additionPurification of virus
of sample loading buffer, the mixture was boiled for 3
min, then subjected to electrophoresis on a 7–14% SDS–Since preliminary experiments indicated that, following
infection of A. albopictus cells with JKT 7400 virus, less PAGE gel. The gel was dried and autoradiographed.
than 1% of the total infectious progeny virus remained
RESULTS
cell-associated (Liao and Stollar, unpublished observa-
Enhancement of cytopathic effect in JKT-7400 virus-tions), virus was purified from the medium of infected
infected A. albopictus cellscultures. Clarified culture medium (25 ml/tube) was lay-
ered over 8 ml of 15% sucrose in TNE (0.05 M Tris–HCl, In their report on JKT-7400 virus, Vazeille et al. (1988)
described cytopathic effect (CPE) in the infected A. albo-pH 8.0, 0.1 M NaCl, 0.001 M EDTA) and centrifuged at
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pictus cell cultures (clone C6/36). In contrast, when we plaque-purified derivative of the original JKT-7400 and
that JKT-7400HJL was derived from JKT-7400VS by multipleinfected our C7-10 clone of A. albopictus cells with JKT-
7400 virus and maintained the cultures in EA medium (E passage on A. albopictus cells followed by plaque purifi-
cation. As shown in Fig. 1, although JKT-7400VS formedmedium containing 0.1% BSA), we observed relatively
little CPE. However, when DEAE dextran was added to larger plaques on A. albopictus cell monolayers than
the original JKT-7400, the plaques produced by the JKT-the EA medium (final concentration 100 mg/ml), CPE was
clearly evident (not shown). Furthermore, when the E 7400HJL virus were even larger and much more clear. In
this experiment, we used the modified overlay mediummedium was also supplemented with 5% fetal calf serum
(in place of the 0.1% BSA), the CPE was more severe. containing DEAE dextran, fetal calf serum, and trypsin
(see above). When the infected monolayers were overlaidDespite the variation in CPE resulting from changes in
the medium, the yields of infectious virus showed no with the unsupplemented EA medium, the plaques pro-
duced by JKT-7400 were barely visible (not shown).significant change (not shown).
Consistent with the demonstration that JKT-7400 virus Although the growth curves of JKT-7400, JKT-7400VS ,
and JKT-7400HJL were basically similar, JKT-7400HJL con-produced maximum CPE in infected A. albopictus cells
when the E medium was supplemented with 5% fetal calf sistently produced a significantly higher yield of infec-
tious virus than either uncloned JKT-7400 or JKT-7400VSserum and 100 mg of DEAE dextran per milliliter, we
found that similar modifications to the overlay medium (Fig. 2). We also observed in this experiment that by 24
hr after infection, CPE was apparent in the A. albopictusused in plaque assays improved the sharpness and size
of the plaques. After some preliminary experiments, we cell cultures infected with JKT-7400HJL , even though the
infected cultures were maintained in unsupplementedfound that the best plaques were produced when the
standard overlay medium (E medium containing 1.2% sea EA medium. Neither JKT-7400 nor JKT-7400VS induced
CPE when infected cells were maintained in this medium.plaque agarose) was supplemented with fetal calf serum
(5%), DEAE dextran (100 mg/ml), and trypsin (7.5 mg/ml). Thus, JKT-7400HJL is clearly more cytopathic for A.
albopictus cells than either JKT-7400 or JKT-7400VS .
Derivation of JKT-7400VS and JKT-7400HJL When we infected BHK cells or chick embryo fibro-
blasts with JKT-7400 viruses, there was no evidence of
When we examined the electrophoretic pattern of the virus replication, in terms of either CPE or production of
genomic dsRNA obtained from the original uncloned JKT- infectious progeny virus.
7400 virus, it was evident that not all genome segments
were present in equimolar amounts. This suggested that Purification of JKT-7400HJL virusthe virus stock with which we were working contained
more than one virus strain or, alternatively, that the stock When JKT-7400HJL virus was purified as described un-
der Materials and Methods, a visible band was observedcontained defective RNA viral particles. Given that JKT-
7400 virus was isolated from a pool of Culex mosquitoes in the sucrose gradient at the position corresponding to
fractions 15–17 (24 0.5-ml fractions were collected andand had been passaged in A. albopictus cells a number
of times, neither possibility would be surprising. numbered from the top of the tube). The position of this
band coincided with the peak of virus infectivity and theImprovement of the plaque assay, as just described,
facilitated the plaque purification of JKT-7400 virus. Under peak of radioactivity when the virus was labeled with
[3H]uridine (Fig. 3).Materials and Methods we noted that JKT-7400VS is a
FIG. 1. Plaque formation by different JKT-7400 viruses. Confluent monolayers of A. albopictus mosquito cell were infected with JKT-7400, JKT-
7400VS , or JKT-7400HJL virus and the plaque assay was carried out as described under Materials and Methods, using fetal calf serum, DEAE dextran,
and trypsin in the overlay medium.
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FIG. 2. Replication of JKT-7400, JKT-7400VS , and JKT-7400HJL viruses
in A. albopictus cells. Cell monolayers were inoculated with JKT-7400,
JKT-7400VS , or JKT-7400HJL at a multiplicity of 2 PFU/cell. After adsorption FIG. 4. Electrophoresis of dsRNA genome segments of JKT-7400HJL .
for 1 hr at 287, the monolayers were washed three times, refed with Genomic dsRNA of JKT-7400HJL (J lane) was analyzed by agarose gel
EA medium, and incubated at 287C. Medium was harvested at the electrophoresis (left) or by SDS–PAGE (right) using reovirus type 3
indicated times and assayed for infectious virus production by plaque dsRNA (R lane) (a gift from Dr. Aaron Shatkin) and HindIII-digested l
formation on monolayers of A. albopictus cells. DNA (l lane) as markers.
The genome of JKT-7400 virus mated from their mobilities as seen by agarose gel elec-
trophoresis using reovirus type 3 RNAs (R lanes) andFigure 4 shows the JKT-7400HJL virion dsRNA (J lanes) HindIII-digested l DNA (l lanes) as the standards (left).following electrophoresis on both SDS–PAGE (right) and
The estimated sizes in kb of the JKT 7400 genomicagarose (left) gels. In each case, 10 segments of dsRNA
dsRNAs were 3.9, 3.0, 2.3, 2.1, 1.9, 1.7, 1.2, 1.2, 1.1, andare seen. The sizes of the dsRNA segments were esti-
0.8. Based on the relative intensity of the bands we con-
cluded that, on the agarose gel, genome segment 8 comi-
grates with segment 7, whereas on SDS–PAGE, segment
8 comigrates with segment 9.
The JKT-7400HJL virion contains seven viral proteins
As shown in Fig. 5 (lane V), purified JKT-7400HJL parti-
cles contain seven proteins. The estimated molecular
weights of these proteins are 149, 101, 76, 68, 60, 46,
and 38K. Of these, VP1 (the largest), VP4, and VP6 are
minor proteins and VP2, VP3, VP5, and VP7 (the smallest)
are major proteins.
Dissociation of the inner and outer capsid proteins:
Preparation of subviral particles and virus
core particles
In order to prepare subviral and core particles we
FIG. 3. Purification of JKT-7400 virus. A. albopictus cells were infected
tested the effect of chymotrypsin, trypsin, monovalentwith JKT-7400HJL at an m.o.i. of 1 –2 PFU/cell and incubated at 287. To
cations, and divalent cations on the dissociation of JKT-radioactively label the progeny virus, [3H]uridine (2 mCi/ml, 40.1 Ci/mM;
NEN DuPont) was added to the medium. Medium was harvested 48 7400 capsid polypeptides. The effects of Mg2/, Mn2/,
hr after infection, and virus was pelleted through a sucrose cushion and chymotrypsin on virus particles are shown in Fig. 5.
and purified by sucrose gradient centrifugation as described under In the absence of chymotrypsin, incubation of JKT-7400
Materials and Methods. After centrifugation, the gradient was fraction-
virus with MgCl2 at concentrations above 300 mM, for 1ated from the top; individual fractions were then assayed for virus
hr at 377C, led to the dissociation of two of the majorinfectivity by plaque formation on monolayers of A. albopictus cells and
for radioactivity (10 ml of each fraction) by scintillation counting. viral proteins, VP3 and VP5, from the virus particles (Fig.
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Figure 6 shows that treatment of virus with trypsin at
concentrations between 7.5 and 80 mg/ml, in the absence
of MgCl2 , resulted in the partial removal or degradation
of VP3 and VP7 (lanes 2–4). The combination of trypsin
(80 mg/ml) and MgCl2 at 100 or 200 mM resulted in the
nearly complete removal of VP3 (lanes 5 and 6), but when
the concentration of MgCl2 was increased to between
300 and 400 mM and trypsin (80 mg/ml) was also present
(lanes 7–9), the effect was similar to that seen with chy-
motrypsin (80 mg/ml) and MgCl2 , i.e., the major viral pro-
teins were almost entirely removed or degraded leaving
core particles containing VP1, VP4, and VP6.
The various types of viral particles were also examined
by electron microscopy. When the purified JKT-7400HJL
virus particles were treated with 400 mM MgCl2 in the
FIG. 5. Polyacrylamide gel electrophoresis analysis of purified JKT- absence of chymotrypsin (removing VP3 and VP5), the
7400 virus particles, subviral particles, and viral cores. Purified JKT-
resulting subviral particles had an estimated diameter7400HJL virus particles were incubated at 377 in a solution containing
of 61 nm (stained by uranyl acetate) and showed the50 mM Tris– HCl, pH 8.0, with (lanes 8–12) or without chymotrypsin
(80 mg/ml) in the presence of various concentrations of MgCl2 or MnCl2 . characteristic ring-shaped capsomere structure of orbivi-
After 1 hr the virus particles were pelleted (12,000 rpm, 20 min), and ruses (Fig. 7B). When the virus particles were treated
the pellet was washed with 50 mM Tris–HCl, pH 8.0, and then fraction- with 350 mM MgCl2 plus chymotrypsin (80 mg/ml), underated by SDS– PAGE as described. (1) Control (no chymotrypsin, MgCl2
which conditions only the minor viral proteins, VP1, VP4,or MnCl2), (2) 300 mM MgCl2 , (3) 350 mM MgCl2 , (4) 400 mM MgCl2 ,
and VP6 remain, the resulting particles (Fig. 7C) had an(5) 450 mM MgCl2 , (6) 500 mM MgCl2 , (7) 600 mM MgCl2 , (8) no MgCl2 ,
(9) 250 mM MgCl2 , (10) 300 mM MgCl2 , (11) 350 mM MgCl2 , (12) 400 estimated diameter of 48 nm. The estimated size of un-
mM MgCl2 , (13) 300 mM MnCl2 , (14) 400 mM MnCl2 , (15) 500 mM treated virus particles (Fig. 7A) was 71 nm.
MnCl2 , (V) proteins of untreated, unincubated JKT-7400 virions, (L) low- Similar types of experiments describing the dissocia-
molecular-weight markers, and (H) high-molecular-weight markers. The
tion of bluetongue virus particles by chymotrypsin andgel was stained with Coomassie blue.
high concentrations of Mg2/ have been reported by Van
Dijk and Huismans (1980) and by Mertens et al. (1987).
5, lanes 2 to 7), the former almost completely and the
latter to a somewhat lesser degree. The released VP3
and VP5 migrated on SDS–PAGE similarly to the VP3
and VP5 from the untreated virus particles (see for exam-
ple Fig. 10A, lanes 17 and 18), indicating that they re-
mained intact.
When JKT-7400 virus was incubated with MgCl2 at a
concentration above 350 mM plus chymotrypsin (80 mg/
ml), in addition to the removal of VP3 and VP5, much of
VP2 and most of VP7, the other two major viral proteins,
were removed and partially degraded (Fig. 5, lanes 11 and
12). Thus under these conditions, only the minor proteins,
VP1, VP4, and VP6, remained intact and presumably asso-
ciated with the viral genomic dsRNA in core particles. The
effect of treatment of virus with CaCl2 was similar to that
observed with MgCl2 (not shown). Inspection of lanes 8
and 9 suggests that VP2 is more sensitive to chymotrypsin
at low concentrations of or in the absence of MgCl2 , than
FIG. 6. The effect of trypsin on JKT-7400 virus particles. Purified JKT-at higher concentrations. Such was not the case with VP7.
7400HJL virus particles were incubated with trypsin and MgCl2 (377, 60The explanation for the increased sensitivity of VP2 to min) at the concentrations indicated below and then subjected to SDS–
chymotrypsin in the absence of MgCl2 is not clear. In PAGE analysis. (1) Control, no trypsin or MgCl2 ; (2) 7.5 mg trypsin/ml;
(3) 30 mg trypsin/ml; (4) 80 mg trypsin/ml; (5) 80 mg trypsin/ml, 100 mMcontrast to the effect of MgCl2 , no dissociation or degrada-
MgCl2 ; (6) 80 mg trypsin/ml, 200 mM MgCl2 ; (7) 80 mg trypsin/ml, 300tion of viral proteins was observed when the virus particles
mM MgCl2 ; (8) 80 mg trypsin/ml, 350 mM MgCl2 ; (9) 80 mg trypsin/ml,were incubated with MnCl2 in the absence of chymotryp- 400 mM MgCl2 ; (10) 80 mg trypsin/ml, 600 mM MgCl2 ; (V) proteins ofsin (Fig. 5, lanes 13, 14, and 15). Neither KCl nor NaCl untreated and unincubated JKT-7400 virions; (L) low-molecular-weight
had any significant effect on the dissociation of viral poly- markers; and (H) high-molecular-weight markers. The gel was stained
with Coomassie blue.peptides (not shown).
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FIG. 7. Electron micrographs of virus particles, subviral particles, and core particles of JKT-7400HJL , stained with uranyl acetate. Subviral and core
particles were prepared as described in the text. (A) Viral particles, (B) subviral particles, and (C) core particles. Bar represents 50 nm.
Evidence that two of the major viral proteins, VP5 and the major viral proteins of JKT-7400 virus exist in the
virion in oligomer form, gradient-purified JKT-7400HL virusVP7, exist in the virion as oligomers
particles were either untreated or boiled in the absence
or presence of the reducing agent dithiothreitol (DTT) atIt has been reported that VP7 of BTV is present in the
virion as a trimer (Basak et al., 1992). To learn if any of various concentrations. As shown in Fig. 8, boiling had
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FIG. 7—Continued
a dramatic effect on VP7. In the boiled samples (lanes (VP7) (estimated molecular weight of 110 kDa), not seen
in the boiled samples, was observed. Thus, VP7 appears2, 4, 6, and 8), consistent with what was observed in Figs.
to exist in the virion as a trimer. The conversion of VP75 and 6, VP7 migrated as a molecule with an estimated
from a 110-kDa form to a 38-kDa form was clearly depen-molecular weight of approximately 38 kDa; however,
dent only on boiling and did not require DTT; SDS andwhen the samples were not boiled (lanes 1, 3, 5, and 7),
DTT without boiling did not convert the 110-kDa oligomerthe 38-kDa band was not observed but a different band
to the monomer, indicating that disulfide bonds are not
involved in trimer formation.
In contrast to the situation with VP7, the mobility of
VP5 was affected by DTT; thus when the concentration
of DTT in the samples was lowered to 50 mM or less
(Fig. 8, lanes 1–4), little VP5 (estimated molecular weight
of 60 kDa) could be seen (cf. Fig. 8, lanes 5–9); instead,
under these conditions a new band, (VP5), with a molecu-
lar weight of approximately 130 kDa appeared. DTT was
absolutely required for the conversion of the 130-kDa
form of VP5 to the 60-kDa form; boiling alone had no
effect in this case. These results suggest that VP5 is
present in the virion as a dimer and that disulfide bridges
are likely involved in the formation of the dimer. Higher
molecular weight bands are also present in lanes 1–4.
Since, like (VP5), they are also sensitive to DTT, they may
be higher oligomers of VP5.
To confirm these results, oligomeric VP5 and VP7 were
FIG. 8. Identification of oligomeric forms of the major viral proteins, excised from a gel, treated with DTT, and boiled and
VP5 and VP7. Gradient-purified JKT-7400HJL virus particles were boiled then reexamined by PAGE (Fig. 9). Lanes 6 and 7 show
(lanes 2, 4, 6, and 8) or not boiled (lanes 1, 3, 5, and 7) in the presence that following treatment with DTT and boiling, oligomeric
of 0 (lanes 1 and 2), 0.05 (lanes 3 and 4), 1 (lanes 5 and 6), or 100 mM
VP5 migrated as a monomer; without any treatment the(lanes 7 and 8) DTT for 3 min. Samples were then analyzed by SDS–
oligomeric form of VP5 was stable. Lanes 4 and 5 showPAGE (7–14% gradient gel). (VP5) and (VP7) represent the oligomeric
forms of VP5 and VP7, respectively. a similar experiment with the oligomeric form of VP7. In
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As seen in Fig. 10B (lanes 2, 8, and 15), the dominant
labeled protein was VP6, one of the minor proteins,
strongly suggesting that it is associated with a guanylyl-
transferase activity of JKT-7400 virus. Furthermore, the
results show that VP6 was labeled equally well whether
the radiolabeled GTP was incubated with intact virions,
subviral particles, or core particles. Unlabeled GTP and
ATP competed strongly with [a-32P]GTP for the binding
to VP6 (lanes 3,9 and 4,10, respectively); unlabeled UTP
and CTP competed to a lesser extent (lanes 5,11 and
6,12). Inorganic pyrophosphate completely prevented the
formation of the VP6 [a-32P]GMP complex (lanes 7 and
13), as would be expected from the reversible nature of
the reaction (enzyme / GTP S enzymerGMP / pp).
FIG. 9. Conversion of the oligomeric forms of VP5 and VP7 to their
DISCUSSIONrespective monomeric forms. Lane 1, total virion proteins; lanes 2 and
3, monomeric VP5 and VP7 which had been excised from a polyacryl-
Much has been learned in recent years concerningamide gel; lanes 4 and 5, oligomeric VP7; and lanes 6 and 7 oligomeric
VP5 both excised from a gel under conditions similar to those shown the biochemistry and molecular biology of bluetongue
in Fig. 8. All samples were treated with DTT and boiled or were un- virus (Roy, 1992). However, even though BTV can repli-
treated as indicated at the bottom. The white dots indicate the mono- cate in both vertebrate and invertebrate cell cultures,
meric and dimeric forms of VP5.
there is little published information describing its replica-
tion in cells derived from invertebrates.
Work with Sindbis virus has shown that the propertiesthis case, however, the oligomeric form was not stable
of a virus can differ significantly depending on whetherand even without treatment ran as a monomer (lane 5),
it is grown in vertebrate or mosquito cells. Furthermore,similarly to the oligomeric VP7 which had been treated
by working with Sindbis virus in mosquito cell cultures,with DTT and boiled (lane 4). Lanes 2 and 3 are the
we were able to isolate viral mutants with phenotypesmonomeric forms of VP5 and VP7, respectively, which
which would not have been recognizable had we beenhad been excised from another gel. These results clearly
using only vertebrate cell cultures (Stollar, 1993). Withshow that what we identified in Fig. 8 as oligomeric forms
these ideas in mind, we were interested in studying theof VP5 and VP7 can in fact be converted to the respective
replication of an orbivirus in mosquito cells. The reportmonomeric forms of these two proteins.
of Vazeille et al. (1988) suggested that the JKT-7400 virus
would be suitable for such studies. Accordingly, we opti-Evidence suggesting that the viral guanylyltransferase
mized conditions for plaque assay and generated fromactivity is associated with VP6
the original virus a clonally derived viral population,
which replicated to high titers in mosquito cells andPrevious studies have shown that vaccinia virus and
several viruses of the family Reoviridae contain a protein caused an enhanced CPE.
Viruses in the Reoviridae family contain a cap structurewith RNA guanylyltransferase activity, i.e., an RNA-cap-
ping enzyme (Martin and Moss, 1975; Furuichi et al., at the 5* end of their mRNAs (Furuichi et al., 1975), which
is generated by enzyme activities, including a guanylyl-1976; Le Blois et al., 1992; Liu et al., 1992). One way in
which this guanylyltransferase activity can be associated transferase, which are packaged within the viral particle.
A special feature of the viral guanylyltransferase is thatwith a specific viral protein is to incubate [a-32P]GTP with
virions (or cores) in the absence of a cap acceptor and it generates a covalently bound enzyme–GMP intermedi-
ate complex when incubated with GTP in the absencegenerate a labeled GMP–enzyme intermediate (Shuman
and Hurwitz, 1981); then by fractionating the viral or core of cap acceptor. To determine which viral protein is re-
sponsible for the 5* capping of JKT-7400 virus mRNA,proteins by SDS–PAGE, the protein band to which the
labeled GMP is bound can be identified. Accordingly, purified JKT-7400 virus particles were incubated with
[a-32P]GTP in the absence of a cap acceptor. Fraction-JKT-7400HJL viral, subviral, or core particles were incu-
bated with [a-32P]GTP in the absence of a cap acceptor, ation by SDS–PAGE showed that one virion protein, VP6
(one of the core proteins), was predominantly labeled.after which the proteins were boiled and analyzed by
SDS–PAGE to see which protein was labeled. The re- The finding that VP6 in the core particles was labeled
with [32P]GMP as efficiently as VP6 in intact virus indi-sults are shown in Fig. 10. Lanes 2–7 represent viral
particles, lane 15 subviral particles, and lanes 8–13 core cated that the major proteins VP2, VP3, VP5, and VP7
are not required for the formation of the GMP–VP6 com-particles. Figure 10A shows the viral proteins present in
the different types of particles. plex. This is consistent with the results of experiments
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FIG. 10. Formation of a GMP–protein complex by incubation of GTP with viral, subviral, and core particles of JKT-7400HJL . [a-32P]GTP was
incubated with the various types of particles as described under Materials and Methods. (A) The Coomassie blue-stained gel shows the proteins
in the viral (lanes 2–7), subviral (lane 15), and core (lanes 8–13) particles which were incubated with the labeled GTP. Subviral particles and core
particles were prepared by incubation of purified virus with 400 mM MgCl2 and with 350 mM MgCl2 and 80 mg chymotrypsin/ml, respectively. Lanes
17 and 18 show the proteins released into the supernatant when virus was incubated with 400 mM MgCl2 but without chymotrypsin. Lanes 1, 14,
and 16 show the proteins present in viral, core, and subviral particles, respectively, which were not incubated with GTP. (L) Low-molecular-weight
marker, (H) high-molecular-weight marker. (B) Autoradiogram of the same gel shown in A. Lanes 2, 8, and 15 demonstrate GMP complex formation
as described above by viral, core, and subviral particles, respectively, in the absence of any competitor. In lanes 3 and 9 unlabeled GTP (50 mM);
in lanes 4 and 10, unlabeled ATP (50 mM); in lanes 5 and 11 unlabeled UTP (50 mM); and in lanes 6 and 12, unlabeled CTP (50 mM) were added
to the reaction mixtures. In lanes 7 and 13 inorganic pyrophosphate was added (1 mM).
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